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= Overview of GIS

= Basemaps and map projections

Outline * Geolocation

= Analyses: statistics, overlay, and proximity

* Other learning references
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What a GIS is

not
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GPS

Global Positioning System
GPS data can be used in GIS analyses

Static Map
Digital/paper map is an “input” or “product” of GIS

A way to visualize output from GIS analyses

Software

Functions and tools needed to store, analyze, and
display geographic information
Requires hardware, data, and personnel in a
complete system

Database

Set of tables containing data that can be accessed
or reassembled in many different ways

Requires a link to spatial data



Hardware Analyses

Geographical

Information
Systems

Software
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Link databases

and maps
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Table

R L1 R T

Dissemination Areas
OBJECTID |Shape *| DAUID |CDUID| TotalPop|ChildrenPop|SES|Type| AREASQKM| ChildDensity
46367 Polygon (48130309 (4813 478 135(0.55 2 288.13 0.47
46368 |Polygon |48130310 4813 505 85|0.07 2 1.68 50.74
46369 Polygon (48130311 (4813 486 115(-0.0 2 244.2 0.47
46371 Polygon (48130313 |4813 528 130(0.04 2 223.17 0.58
46372 Polygon (48130314 (4813 504 130/-0.1 2 384.36 0.34

o4 [ |-| (1 out of 140 Selected)
Dissemination Areas




Vector

Models discrete features as points (coordinates), lines (arcs), and
polygons (areas) with precise boundaries and shapes with attributes;
e.g. feature class, shapefile, CAD drawing

Types of

Jelelife|Releife Raster

Models continuous phenomena in a surface divided into a regular
grid of cells (pixels) each having an associated attribute value; e.g.

grid coverage, TIFF, digital photo
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http://www.esri.com/en/arcgis/products/arcgis-pro/Resources/ArcMap-Resources
ArcGIS Desktop

“Powerful desktop applications create maps, perform
spatial analysis, and manage data in 2D and 3D.”

“ArcMap is the industry leading, traditional GIS authoring
and editing application.”
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http://www.esri.com/en/arcgis/products/arcgis-pro/Resources/ArcMap-Resources

Main Menu http://desktop.arcgis.com/en/arcmap/latest/map/working-with-arcmap/starting-arcmap.htm

O

Tools toolbar
for working
with map
layers

Table of

*
Contents /
lists the items
in the map
Data Frame
contains
the layers

List of map
layers and
their
drawing
order

Data View

ArcMap


http://desktop.arcgis.com/en/arcmap/latest/map/working-with-arcmap/starting-arcmap.htm

Basemaps
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http://links.esri.com/arcgisdesktop/en/arcmap/layers




Symbol
patch

Add data and symbolize

Symbaol Selector

Type here to search

v @ @ 88~

Search: (® All Styles

() Referenced Styles
ESRI ~
Green Blue Sun
Hollow Lake Rose
Beige Yelow Clive
Green Jade Blue

Current Symbol

Fill Colar:

-

Outline Width: | 8 z

Outline Color: . -

Edit Symbal...

Save As... Reset

Style References. ..

W | oK | Cancel

11



File | Edit View Bookmarks Insert  Sel
[ Mew.. Ctrl+ N
£ Open.. Ctrl+0
1& Save Ctrl+5

Save As,.,

12

Save A Copy...
Share Az 3
Add Data 3

Sign In...
ArcGlS Online...

Page and Print Setup...

Print Preview...

@ B [ B8 58

Print...
Export Map...

Analyze Map...

J Pathnames: Store relative pathnames to data sources

| &

Map Document Properties...

Map Document Properties

Display or edit the properties of
this map document, such as
description, author, credits, and
specify whether disk-based data it
uses will be referenced by relative
pathnames,

Zoom and save



Map projections
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Name

False

False

Central
Easting Northing Meridian

Standard Standard Latitude
Parallel 1 Parallel 2 of Origin

NAD 1983
Canada Atlas
Lambert

49

11

49

Alberta
Azimuthal
Equidistant

-113.5

n/a

n/a

53.5

NAD 1983 10TM
AEP Forest

500000

-115

n/a

n/a

NAD 1983 BC
Environment
Albers

1000000

-126

50

58.5

45

NAD 1983
Ontario MNR
Lambert

930000

6430000

-85

44.5

53.5

NAD 1983
Quebec Albers

0

0

-68.5

46

60

44

http://desktop.arcgis.com/en/arcmap/latest/map/projections/what-are-map-projectionshtm



http://desktop.arcgis.com/en/arcmap/latest/map/projections/what-are-map-projections.htm

Coordinate system

Data Frame Properties

>
14

Feature Cache Annotation Groups Extert Indicators Frame Size and Position

General Data Frame

Coordinate System lNumination Grids

after

" - | |T~r'|:|e here to search

vi@ @ G

53 Favorites

£ Geographic Coordinate Systerns
£ Projected Coordinate Systems
= B Layers

] Alberta_Azimuthal_Equidistant

@ WGES5_1984_Web_Mercator_Auxiliary_Sphere

| Add To Flaw:urites i

//

Current coordinate system:

Alberta_azimuthal_Fguidistant
Authority: Custom

Projection: Azimuthal_Equidistant
False_Easting: 0.0
False_Marthing: 0.0
Central_Meridian: -113.5
Latitude_Of_Origin: 53.5

Linear Unit: Meter (1.0)

Geographic Coordinate System: GCS_Morth_American_1983 W

before

Transformations...

Corcal | [ ool



Geolocation
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http://support.esri.com/en/other-resources/qgis-dictionary

© Esri
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http://support.esri.com/en/other-resources/gis-dictionary

Geolocation
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Clean and format
table of x,y
coordinates

Add table to
ArcGIS Desktop

Join by postal
code to access
longitude/latitude
coordinates

Export joined
table

Display XY Events

Export data to a
spatial file format

16



Standardize the Attributes

No database is initially ever “clean” and
getting your data ready for spatial analysis
will take upwards of 80% of your time

Full 6-character postal code

CAPitalllZaTioN matters
T6G 1c9 # T6G 1C9

Ensure all are in the format of A1A 1A1
TOL OCO # TOL 0CO

Remove all spaces
T6G1C9_#T6GI1C9

Tips for Tables

Column headings must be present
No non-alphanumeric characters (e.g. %)

Do not use spaces — check at end of the word
No skipped rows anywhere

Date/time values are subject to import errors

May split the date parts in to separate columns

Export table from your statistical software to:
*.dbf, *.csv, or *.xls

ArcGIS can only read MS Excel version 2003
or earlier (no *.xlsx files)

Clean and format




Add data

= B G\Workspace\UAcypcicypoads

= D
=

B DX1_G

Open

World Stre

X

Joins and Relates
Remove
Data

Edit Features

Open

Open this table. Shortcut: CTRL +
double-click table name OR CTREL
+ T,

18



To see stand-
alone tables in
the Table of
Contents, click
the List By
Source icon

Join

= B C\Workspace\UA\cypccypoxds

= CIAEr

B Dx1 (B Open

World Stf  Joins and Relates

¥ ERemove

Data

loin...

19
||

Remove loin(s) | Join

3 Join data to this layer or
standalone table based on a
Edit Features 3 Remove Relate(s : .
commaon attribute, spatial
% Geocode Addresses location or existing relationship
i ] class.
H7  Display Route Events...
1T play
loin Data * lain Data *
Join lets you append additional data to this layer's atiribute table so you can, Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data. for example, symbolize the layer's features using this data.
What do you want to join to this layer? What do you want to join to this layer?
Join attributes from a table w Join attributes from a table ~

1. Choose the field in this layer that the join will be based on:

|DX1_GRP

> |

2. Choose the table to join to this layer, or load the table from disk:

|2 DX1_GRPS -l e

Show the atiribute tables of layers in this list

3. Choose the field in the table to base the join on:

|DX1_GRP

Join Options
(®) Keep all records

All records in the target table are shown in the resulting table,
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

() Keep only matching records

If & record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table,

Validate Join

About joining data

Cancel

About joining data

1. Choose the field in this layer that the join will be based on:

|POSTAL_CODE |

2. Choose the table to join to this layer, or load the table from disk:

|“-:" PostalCode j B‘

Show the atiribute tables of layers in this list

3. Choose the field in the table to base the join on:

|POSTALCODE

Join Options
(®) Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table,

(") Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

Validate Join

Cancel



The DATAS table joined to DX1_GRPS$ (to access the diagnosis description) and PostalCode (to access the coordinates) tables 20
Table O x
DATAS x
CYPCID DoB GENDER | POSTAL_CODE | DX_DATE | DX_AGE | DX1_GRP | CHEMO| DX1_GRP Diagnosis_Group FID | POSTALCODE | LONGITUDE | LATITUDE DAUID | ~
4 111959-03-20 |M T1A21L4 2004-03-20 5 11 1 11 |Hepatic tumors 5513 (T1AZL4 110683255 | 50.02595582 | 43010159
21957-04-18 |F T2T3ES 2005-04-18 8 ] 0 & [Renal tumors 18534 | T2T3ES -114.084588 51.02591 | 43060617
3 [2004-08-10 |M T2T3P9 2015-08-10 11 5 0 5 (Other malignant epithelial neoplazms and malignant melanomas 18191 |T2T3P5 -114.052444 | 51.023547 (428080819
419599-03-30 |F T144K1 2002-03-30 3 3 0 5 [Soft tissue and other extraosseous sarcomas 5680 | T1A4K1 -110.882885 | 50.032527 (48010194
5|1997-05-31 |F TEBOWT 2008-05-31 11 5 1 5| Soft tissue and other extracsseocus sarcomas 53082 | TeBOWT -113.438916 | 53.520479 (48110821
§1953-08-12 |M TSH2WV4 2012-08-12 14 12 0 12 | Other and unspecified malignant neoplasms 7769 | T9H2V4 -111.364116| 55.658394 (4818022 | w
TR 1 » » [E]S ©out of 333 Selected)
Export Data >

Export: | All records

IIse the same coordinate system as:
this layer's source data
the data frame
the feature dataset you export the data into

Cutput table:

(only applies if you export to a feature dataset in a geodatabase)

C\Workspace LA \cypc'joined dbf

.........

will be omitted.

Export table

MOTE: The output feature dass does not support raster/blob fields. If the
data you are exporting contains one ar more raster/blob fields, these fields

Cancel




21
Display XY Data

A table containing X and ¥ coordinate data can be added to the
map as a layer

Choose a table from the map or browse for another table:

| joined J

Spedfy the fields for the X, ¥ and Z coordinates:

X Field: |LCING1TLIDE e |
¥ Field: |L.-5.'ITI'LIDE e |
Z Field: | <Monex w |

Coordinate System of Input Coordinates

Description:

Geographic Coordinate System:
Mame: GCS_Morth_American_19583

Extremely important
/ to set the correct
[ ] show Details coordinate system

Warn me if the resulting layer wil have restricted functionality

About adding XY data

K Cancel

Display XY Events
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Export Data >

Export: | All features

Use the same coordinate system as:
() thig layer's source data
(®) the data frame

the feature dataset you export the data into
[only applies if you export to a feature dataset in a geodatabase)

Qutput feature dass:

C:\Workspace'UA\cypchLocations shp | E-

Cancel

Locations.shp is a
true spatial data file

Export data
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analyses
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" Summary Statistics
= Overlay

* Proximity

23



Summarize * 24
Summarize creates a new table containing one record for each unique value
of the selected field, along with statistics summarizing any of the other fields.
(= O [, -
=4 . @ Copy 1. Select a field to summarize:
= O joined E X Remove POSTALCODE w
@ |% Open Attribute Table 2. Choose one or more summary statistics to be included in the
output table:
Diagnosis_ s
= LONGITUDE
Mirimum
[] Maximum
WErage
A
[] Sum
POSTALCOPEd Lomcrrune | aTrunc | nagp A L
ST L SortAscending = [] Standard Deviation
= . y— [] Variance
T2T3ES = Sort Descending g17 = LATITUDE
T2T3P9 . 619 -
- M
TIALKT Advanced Sorting 54 ! e &
TEBOWT S iZE... 821
ToHZvA | Hmmars = 3. Specily output table:
o Tonast | - | Summarize [C:\Workspace\UA\cype\sum dbf |
I I II I l rl Z e T3MOB3 Fiel Createa summary table grouped
T1X0T1 i ic fi
Cal b:,r the values in this field. The FromrritEer e e b T
T2KEE2 —| dialeg that appears lets you
T2AZES Tul  choose whether all the records will
Counts TEHOMT F_ be summarized or just the About summarizing data I OK I | Cancsl |
T2H2VS E selected records.
TaV35 X Del

ERAE— AL -1 R

EEmmm—— o x

sum

0ID | POSTALCODE | Count_POSTALCODE | Minimum_LONGITUDE | Minimum_LATITUDE

3 0| TOAIAD 4 -111.28564 53.991485
1|TOBOHE 1 -112.062521 52.812014

2| TOBOVD 3 110141534 52.693778

3 | TOEOBS 2 114737235 53.55622%

4 | TOMOZD 1 -113.227761 51.828433

c[Tia1D4 1 110 ATAGTA £n N70ART

UNIVERSITY OF ALBERTA o 1+ » [ | ©out of 200 Seectea)

FACULTY OF MEDICINE & DENTISTRY Locations | sum

Department of Pediatrics



5 £5 ciwor B Open

B DA Joins and Relates 3 A Properties...
B 0Xl, g :
] World LS Layer Properties
Data g Display the properties of this layer
Edit Features 3 =
% Geocode Addresses...
7 Display Route Events...
£+ Display XY Data...
(7| Display XY Data Layer Properties X
Adds a new map layer based on General Source Selection Display Symbology Fields  Definttion Query Lsbels Joins & Relates Time  HTML Popup
XY events from a table.
Show: — . . .
Feat |Dra'|l quantities using symbol size to show relative values. Import...
Categoeries Fields Classification
Display X¥ Data Y Quantities Value: |Cour|t_POSTALCODE [ | Natural Breaks (Jenks)

.- Graduated colors

Graduated symbals Nomalization: |none V| Classes: Classify...

- Proportional symbals

dla'ts Symbol Size from: EI ta:

A table containing X and ¥ coordinate data can be added to the
map as a layer

Choose a table from the map or browse for another table: Multiple Attributes Smbd | R b Template
o ange
. o : @
I sum j = » 1 1
Specify the fields for the X, ¥ and Z coordinates: & 2 3
¥ Field: | Min_LONGIT v| ® - .
Y Field: |Mir1_LAT1'I'U ~ | . 4 4
Z Field: | <None>» ~|
Coordinate System of Input Coordinates [] Show class ranges using feature valuss Advanced -

Description:

Geographic Coordinate System:
Name: GCS_North_American_1383

Cancel Aoply

Visualize point counts



= [
Bl Copy

= [0k X% Remove

Y520 Open Attribute Tabl
E peﬂ r e laple

C Joins and Relates v | Join... m

—_———— |

Overlay

(point in polygon

UNIVERSITY OF ALBERTA
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Join Data

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

|Johda13ﬁomanoﬂ'1erlayabasedonmaﬁaﬂomﬁon

1. Choose the layer to join to this layer, or load spatial data from disk:

I@ Locations ;I

2. You are joinind:  Points to Polygons

Select a join feature dass above. ‘You wil be given different
options based on geometry types of the source feature dass
and the join feature dass.

(®) Each polygon will be given a summary of the numeric attributes of
the points that fall inside it, and a count field showing how many
points fall inside it. F—

How do you want the attributes to be summarized?
[ Average ] Minimum [] Standard Deviation
[ 5um ] Maximum [ Variance

() Each polygon will be given all the attributes of the point that is
closest to its boundary, and a distance field showing how close the
point is (in the units of the target layer).

Mote: A point falling inside a polygon is treated as being closest to
the polygaon, {i.e. a distance of 0).

3. The result of the join will be saved into a new layer.
Specify output shapefile or feature class for this new layer:

C\Workspace\UA\cypc overay shp |
About joining data oK I | Cancel |

26

e a x
- B O x

=

FID | Shape | Locations_FID| OBJECTID DAUID | Count_ | ~
4312 |Polygon 4312 45907 | 48111985 0
4313 |Polygon 4313 455908 | 48111966 1
4314 |Polygon 4314 45509 | 48111987 0
4315 |Polygon 4315 45910 | 48111988 0
4316 |Polygon 4316 455811 | 481119838 0
4317 |Polygon 437 455812 | 48111970 0
4318 |Polygon 4318 455913 48111971 0
4319 |Polygon 4319 45514 | 48111972 0
4320 |Polygon 4320 455915 48111973 3

4321 |Polygon 4321 455915 | 48111974 0 v
ALY | Dnherenn ATy ACC1T |l A211107C n

I

0 ok |E| (1 out of 5357 Selected)




Layer Properties

General

Categories
Quantities

B8 Graduated colors

Multiple Attributes

[“f Properties...
Layer Properties

Display the properties of this layer

=

Source  Selection Display Symbology Fields  Definition Query Labels  Joins & Relates  Time

|Dra'|r quantities using color to show values. Impart...
Fields Classffication
Walue: |Cour|t_ ~ | Natural Breaks (Jenks)
MNomalization: |r'|or|e b | Classes: Classfy...
ColorRamp: [ - |
Symbol  Range Label

0
-2 -
- 3

x

HTML Popup

[] Show class ranges using feature valuss Advanced -

Cancel

Visualize area counts

Ppply

21



Proximity

(closest features)

UNIVERSITY OF ALBERTA
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Selection l Geoprocessing  Customize

EL  Select By Attributes.., 1 |

(7| Select By Location

¥, Statistics...

[d Clear Selected Features

Interactive Selection Method  »
Selection Options...

Select By Location

Select features from one or more target layers based on their location in
relation to the features in the source layer.

Selection method:

| select features from

Target layer(s):

[] MPRI

[ overlay

[ sum Events
Locations

[ joined Events
[] DAds

[ PostalCode
[ Alberta

[] only show selectable layers in this list

Source layer:

[ NPRI

Use selected features (0 features selected)

Spatial selection method for target layer feature(s):

|are within a distance of the source layer feature

~| Apply a search distance

[ 1.000000 | Kiometers v|
About select by location E Pt i | Apply | | Close

28
O =
- B O x
Locations x
CYPCID DoB GENDER | POSTAL_COD | DX_DATE |~
38 (19950108 |M T3AZY2 2003-01-08
39|2008-0817 |M T2G1CH 20120817
40)|2000-11-28 |M T3B1NMS 2014-11-28
411958-02-15  |M ToW3IAL 2010-02-15
42|2005-01-21 |F TSH1NZ 2010-01-21
43|2008-01-30 |F TSR3X3 2012-1-30
44 11995-11-27 |M T3AZCES 2003-11-27
45)|2002-05-27 |M TTX4NE 2008-05-27
45119941012 |M T3ESLS 2002-10-12 | ¥
< >
o 1> 1 |[E|S | (97 out of 333 Selected)

Locations




B c:tio g i
*

= O joined E

*

= O DAOE |

[

Copy

Remove

x

E Open Attribute Table

= [

Join...

Joins and Relates 3 ||

Join Data

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

Join data from another layer based on spatial location

1. Choose the layer to join to this layer, or load spatial data from disk:

RaN=,

&> NPRI

2. You are joining: Points to Points

Select a join feature dass above. You wil be given different
options based on geometry types of the source feature dass
and the join feature dass.

() Each point will be given a summary of the numeric attributes of
the points in the layer being joined that are closest to it, and a
count field showing how many points are closest to it

How do you want the attributes to be summarized ?
Standard Dewiation

Variance

Average Minimum

Sum Maximum

(®) Each point will be given all the attributes of the point in the layer
being joined that is closest to it, and a dj field showing
how close that point is {in the units of the target layer).

3. The result of the join will be saved into a new layer.
Specify output shapefile or feature dass for this new layer:

C:\Workspace\UA\cypc \proximity shp |

About joining data

Cancel

Visualize distances

= [

[ Copy

X FRemove

|E Open Attribute Table

Table O =
proximity x
FID | Shape | CYPCID Diagnosis_ NPRI_ID COMP_NAME Distance —1 =
141 | Point 281 |Malignant bone tumors 0000006580 |University of Lethbridge 2338.03201 =  Sort Ascending
142 | Point 330 |Leukemias, myeloproliferative dis | 0000006580 |University of Lethbridge 2338.03208 ¥ Sort Descending
143 | Point 54 |Neuroblastoma and other periphe 0000006507 |Husky Oil Operations Limited 856 4880 Ad d Sorti
144 Point 38 | Soft tissue and other extraosseo | 0000006660 | Shell Canada Products 4757 7604 vaneed serting..
145 | Point 12 | Retinoblaztoma 0000006578 |University of Alberta Heating Plant 3714 6854 Summarize...
145 | Point 20 | Soft tiszue and other extraosseo 0000006678 |University of Alberta Heating Plant 317005 ¥ Statistics
147 | Point 43 |CNS and miscellaneous intracrani| 0000006678 |University of Alberta Heating Plant 31911772
148 | Point 77 |Retinoblaztoma 0000006578 |University of Alberta Heating Plant 7207153 Field Calculater
145 | Point 121 | Other malignant epithelial neoplas | 00000066728 |University of Alberta Heating Plant 1086.84221 Statistics
150 [Point 251 [Hepatic tumars 0000006678 |University of Alberta Heating Plant 37146854
Generates a report of statistics for
oA (Y =] o .
0 e ) the selected values in this numeric
field. This command iz disabled if
this field is not numeric. If any of
X the records in the table are
AF currently selected, statistics will
only be generated for the selected
records.
Statistics of proximity X
Field
s 4 istributi
Frequency Distribution
Statistics:
Count: 333

Sum:
Mean:

Nulls:

Minimum: 92 624816
Maximum: 8433.927985

668528 049215
2007.591739

0

Standard Deviation: 1460 519436

92.6

25587

13257

5024.7
ray

T490.8
6257.8

29
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GIS Demo
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Graphic art freely released under Creative Commons CCO
by https://pixabay.com/en/users/3dman eu-1553824/
ArcGIS icon by https://www.esri.com/
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https://creativecommons.org/publicdomain/zero/1.0/deed.en
https://pixabay.com/en/users/3dman_eu-1553824/
https://www.esri.com/

More

learning...
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GIS and Public Health (Cromley and McLafferty)

https://www.library.ualberta.ca/catalog/5440524

GIS Tutorial for Health (Kurland and Gorr)
https://www.library.ualberta.ca/catalog/7769694

CDC Training in GIS and Public Health
https://www.cdc.gov/gis/gis-training.htm

Unlimited Esri Training for the ArcGIS platform
https://www.esri.com/training/unlimited-esri-training/

...and a resource — SAS Bridge for Esri
https://www.sas.com/en ca/software/bridge-for-

esri.html



https://www.library.ualberta.ca/catalog/5440524
https://www.library.ualberta.ca/catalog/7769694
https://www.cdc.gov/gis/gis-training.htm
https://www.esri.com/training/unlimited-esri-training/
https://www.sas.com/en_ca/software/bridge-for-esri.html
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= Overview of GIS

= A system of 5 important components

= Basemaps and map projections

= Get started with context and coordinate systems

= Geolocation

= Locating our tabular data by postal codes

= Analyses: statistics, overlay, and proximity

= Where we have higher/lower counts and

distances to other geographic features

= Other learning references
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